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(57) A radar module comprises a vertical layered 
block of a planar array antenna (PA), a signal delay sec- 
tion (DL), and a transmitter-receiver section (TR). The 
planar array antenna (PA) comprises four antenna por- 
tions (A1-/\4). which transmit beams in different direc- 
tions, and a selective connection section for selectively 
connecting each antenna portion (A1 -A4) with the signal 
delay section (DL). A single transmitter- receiver section 
(TR) is in common use with the plurality of antenna por- 
tions (A1 -A4), and the signal delay section (DL) compris- 
es a spiral dielectric line (d) with a metal layer covering 
around a dielectric of rectangular section. 
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Description 

The present invention relates to a vehicle-nx>unted 
radar system and radar modules constituent thereof, and 
in particular to a small-sized and low production cost ra- s 
dar module and radar system. 

A car-mounted radar system mounted on a car, such 
as a passenger car is utilized in combination with an 
alrtrm dovico or display device for collision avoidance. In 
such fi c^r-mounlcd radar system, detection overa short io 
distrirKc or trio order of tens of centimetres is required 
in ofdor to wnm of lor example a rear-end impact over a 
short d!<irtr=cc boiwocn cars during traffic congestion, or 
of ncrif coiisions when putting a car into a garage. In 
such Crises ^ M f<idr-.r 15 more suitable than pulse radar, is 
Also m mmwituf p/ffi-M mocuic it IS preferable to use mil- 
limoirc ckx:t?ryn.*>r»-tk «^.«vcs of high frequency. Such 
a miiiimctn- IV. * K* t tcM' system is disclosed in the 
spec;fioi?>. *tv rf s patents 5,181,037 and 

5,229 774 20 

Gcf tr » . <*' '\ K* ■ liv ^»yiiiem, the frequency of 
a beat s qr».t= v ^ ^ i \ » .^r n proportion to the dis- 
tance to rtr <</{i>. : trU4- \9 ^ »f>c wave. Accordingly, for 
shorter dr:,i.»rv i. ka.^-^. the frequency of a beat 
signal lowc l ifxi t v. : . Ktcctable due to 1 /f noise 25 
which IS .«?v>si n 'T^,.i># in an FM radar system 
according to U'*; r^*.' ^^-^ rrc*^! or od above, the effect of 
1/f noise is lerxn !>y iho frequency of the beat 

signal, by ompk-y rv^ r . rrr-Ytyno method for modifying 
the frequency n k-^-^i s. rv-i or by using a delay line. 30 
However, a hcicioa-,">c wiriod requires a local oscillator 
used for frequency convcrson and accordingly is expen- 
sive, whereas the use o! n doiny circuit increases the size 
of the radar rrvxiuic 

Furthermore nn FM r.idrir system according to the 3S 
prior art mentioned ritojc is arranged to switch a trans- 
mitter step multiplier h circuUtor. antennas used in com- 
mon for transmission a-nd reception, a mixer and a re- 
ceiver step multiplier v^hich constitute each FM radar 
module, by a synchronous operation between a trans- 40 
mitter side switch and a receiver side switch. Thus, as 
many transmitter-receiver sections as antennas are nec- 
essary, thereby increasing the number of parts so that 
the whole FM module is not only large in size but pro- 
duction costs are also increased considerably. 45 

It is one object of the present invention to provide a 
small-sized and low-production -cost radar module com- 
prising few parts, and a rddai system using this radar 
module, by implementing an arrangement in which a 
transmitter-receiver section is used in common with a so 
plurality of antennas. 

In a radar module according to the present invention, 
a planar array antenna used in common for transmission 
and reception, and a transmitter-receiver section for sup- 
plying a radiative signal to this array antenna and receiv- ss 
Ing a reflected signal, are layered via an intermediate lay- 
er on which a delay section made of a delay line is 
formed. According to a preferred embodiment of the 
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present invention, said planar array antenna comprises 
a plurality of antenna portions used in common for trans- 
mission and reception, and a selective connection sec- 
tion for selectively connecting each of these antenna por- 
tions via said delay line to said transmitter-receiver sec- 
tion. 

A delay line Implemented with a microstrip line or the 
like may be provided for improving detection at close 
quarters by seemingly moving an obstacle to be detected 
to the front of the car and raising the frequency of a beat 
signal. This delay line needs to be typically as long as 
tens of centimetres. By employing a fold back structure, 
such as a meander line, and a spiral structure, shorten- 
ing the length of a delay line is performed but Is limited 
in itself. According to the present invention, the size is 
greatly reduced by placing a delay line between a planar 
array antenna and a transmitter-receiver section in built 
layers rather than by placing a delay line in the same 
plane as with a planar array antenna and a transmit- 
ter-receiver section. According to a preferred embodi- 
ment of the present invention, a low-loss resin 
waveguide newly developed by the present inventor is 
employed as a delay line. 

According to a more preferred embodiment of the 
present invention, a plurality of antenna portions used In 
common for transmission and reception are selectively 
connected to a transmitter-receiver section under the 
control of a selective connection section. Accordingly, 
one transmitter-receiver section, including an amplifier, 
circulator and mixer, is enough for this and thus the 
number of parts and the space is greatly reduced. 

Embodiments of the present invention will now be 
described, by way of example only, with reference to the 
accompanying drawings, in which: 

FIG. 1 is a sectbnal view showing the configuration 
of an FM radar module according to one embodi- 
ment of the present invention; 
FIG. 2 is a plan viewshowing the constitution of each 
layer of the FM radar nrxxlule shown in FIG. 1 (A 
showing the planar array antenna PA; B showing the 
delay section DL; and C showing the transmit- 
ter-receiver section TR); 

FIG. 3 is a block diagram showing one example of 
a typical FM radar system Including FM radar mod- 
ules as shown in FIGS. 1 and 2; 
FIG. 4 is a plan view showing the planar array 
antenna PA in the top layer shown in FIGS. 1 and 2 
(A); 

FIG. 5 is a sectional view showing one example of 
a resin waveguide constituting the delay section DL 
in the intermediate layer shown in FIGS. 1 and 2(B); 
FIG. 6 is a conceptual drawing showing one exam- 
ple of beam patterns B1 to B4 of electromagnetic 
waves radiated from each of the antenna portions 
A1 to A4 shown in FIG. 3; and 
FIG. 7 is a conceptual drawing showing the disposi- 
tion and one example of a beam pattern of four radar 
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modules LM1 to LM4 included In the car-mounted 
FM radar system shown in FIG. 3 

FIG. 1 is a sectional view showing the configuration 
of an FM radar module according to one embodiment of 
the present invention. This FM radar module is so con- 
structed that a planar array antenna PA commonly used 
fortransmission and reception and a transmitter-receiver 
section tR for supplying an FM signal tobe radiated from 
this planar array antenna and for receiving a reflected 
signal, are vertically layered via a signal delay section 
DL in an intermediate layer on which a delay line d is 
formed. An input signal to or an output signal from an 
MMIC (monolithic microwave Integrated circuit) of the 
transmitter- receiver section TR is input or output through 
a terminal T1 . An input signal for scanning a beam is in- 
put lo a terminal T2, by which the planar array antenna 
PA is controlled. The planar array antenna PA has a plu- 
rality of patches P11 to P44 provided on the surface of 
a dielectric board DB. On the rear face of the dielectric 
board DB. a grounding metal GP is formed. The planar 
array antenna PA is protected with a radome R from the 
external environment. 

The planar array antenna PA (the top layer of the 
layered block), the delay section DL (the intermediate 
layer), and the transmitter-receiver section TR (the bot- 
tom layer) are constructed as shown in the respective 
plan views of FIGS. 2 (A), (B), and (C). Between the pla- 
nar array antenna PA of the top layer and one terminal 
of the delay line d forming the signal delay section DL of 
the intermediate layer, a high frequency connection is 
achieved via a pin P1 . Between the other terminal ot the 
delay line d and the transmitter-receiver section TR of 
the bottom layer, a high frequency connection is 
achieved via a pin P2. 

The FM radar module according to the embodiment 
shown in FIGS. 1 and 2 may correspond, for example, 
toone of four FM radar modules LM1 to LM4 constituting 
a car-mounted FM radar system shown in the block dia- 
gram of FIG. 3. The car-mounted FM radar system 
shown in FIG. 3 comprises four FM radar modules LM1 
to LM4 and a processing section block PS for controlling 
each FM radar module, for processing a signal including 
obstacle information, and for issuing an alarm. As repre- 
sented by FM radar module LM1, each ot the FM radar 
modules LMI to LM4 comprises a transmitter-receiver 
section TR, including an FM signal generator Ml, In the 
bottom layer, a signal delay section DL, including a delay 
line d, in the intermediate layer, and a multibeam planar 
antenna section PA, including four antenna portions Al 
to A4, in the top layer. 

As shown in the enlarged plan view of FIG. 4, the 
planar array antenna PA in the top layer, includes sixteen 
patches P11 to P44 of rectangular shape arranged on 
the dielectric board DB on the rear face of which a 
grounding metal is formed. At the centre of the dielectric 
board DB, a power section P corresponding to the tip 
part of the pin PI is formed. A supply line SO. 81 to 84 



of microstrip type for connecting this power section P and 
each patch is formed on the dielectric board DB. The six- 
teen patches P1 1 to P44 form four antenna portions A1 , 
A2, A3, and A4 for radiating beams of different tilt angles 
s set in accordance with a difference in the length of the 
supply lines to them. 

The right lower antenna portion A1 comprises two 
left patches P11, PI 2 of the same supply line length 
measured from the power section P, and two right patch- 
to esP1 3, PI 4 of a supply line length longer by LI than the 
two left patches, P11 , PI 2. The right upper antenna por- 
tion A2 comprises two left patches P21 , P22 of the same 
supply line length measured from the power section P, 
and two right patches P23, P24 of a supply line length 
longer by L2 than the two left patches P21 . P22. 

Similarly, the left upper antenna portion A3 compris- 
es two right patches P31 , P32 of the same supply line 
length measured from the power section P, and two left 
patches P33, P34 of a supply line length longer by L3 
than the two right patches P31 , P32. The left lower an- 
tenna portion A4 comprises two right patches P41 , P42 
of the same supply line length measured from the power 
section P, and two left patches P43, P44 of a supply line 
length longer by L4 than the two right patches P41 , P42. 

Power supply from the power section P to the an- 
tenna portion A1 is performed through microstrip supply 
lines SO and S1 , while power supply from the power sec- 
tion P to the antenna portion A2 is performed through 
supply lines SO and S2. Power supply from the power 
section P to the antenna portion A3 and to the antenna 
section A4 is performed through supply lines SO and S3 
and through supply lines SO and S4, respectively. 

Between the supply line SO and the individual sup- 
ply lines 81 to S4, are provided respective PIN diodes 
D1 , D2; D3 and D4 excellent in high frequency charac- 
teristics. A bias circuit for each PIN diode is formed in- 
cluding bias input terminals VO and V1 to V4, and 
low-pass filters FO and F1 to F4 on the dielectric board 
DB. That is, a positive voltage is always applied to a com- 
mon bias input terminal VO, while either a higher positive 
voltage than that applied to the terminal VO or ground 
(zero) voltage Is selectively applied to each of the bias 
input temninals VI to V4, This selective voltage is sup- 
plied from a timing control circuit PS In the processing 
section PS of FIG. 3 through a terminal T2 of FIG. 1. 
When ground voltage is applied to any of the bias input 
terminals VI to V4, the corresponding one of the PIN di- 
odes D1 to D4 becomes conductive so that the supply 
line SO and the corresponding one ot the supply lines 
SI to S4 are electrically connected and thus high fre- 
quency power is supplied from the power section P to 
the corresponding one of the antenna portions Al to A4. 

The delay line d, constituting a signal delay section 
DL in the intermediate layer of the FM radar module, 
comprises a resin waveguide of spiral shape. This resin 
waveguide has been newly made by the inventors for an 
FM radar module according to the present embodiment 
on an experimental basis, and has a sectional shape 
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shown in FIG.5. The resin waveguide is made of poly- 
telrafluoroethylene (PTFE), has a rectangular section 
and comprises metal foil deposited on the surface of a 
rod-shaped dielectric line by plating. The aspect ratio of 
the section of the dielectric line is approximately 1 :2, and 5 
when the frequency of an FM signal to be delayed is 60 
GHz, the transverse width is 3.8 mm, smaller than that 
needed by a normal waveguide (5.8 mm). Because of 
being smaller in size than a normal waveguide and elas- 
tic, this resin waveguide has advantages in that a delay 
line of still smaller size can be implemented with a high 
density winding. 

The passing loss in this resin waveguide is approx- 
imately 3 dB/m in a straight line when the signal frequen- 
cy is 60 GHz. However, bending at a small radius of cur- 
vature increases the passing loss to on the order of 4 
dB/m. This value of passing loss is greater than a value 
of a waveguide without dielectric loss (approximately 1 .2 
dB/m), but rather smaller than a value of a microstrip line 
(approximately 7 dB/m). The feature of a resin 
waveguide, formed by depositing metal foil on the sur- 
face of a rod-like body made of polytetrafluoroethylene 
(PTFE) or the like, is its elasticity and accordingly its de- 
lay time can be made longer by implementing a longer 
dielectric line in a dense spiral shape as shown in FIGS. 
1 and 2(B). Incidentally, since the passing loss increases 
wrth smaller radius of curvature, employing a helical 
structure in which all parts are of the same radius of cur- 
vature enables a reduction in passing loss in place of a 
spiral structure in which the radius of curvature decreas- 
es for the inner part. 

As represented by the transmitter-receiver section 
LM1 in FIG. 3, the transmitter-receiver section TR, in the 
bottom layer, comprises an FM signal generation circuit 
M1 , a directional coupler M2, an amplifier M3, a circulator 
M4, and a mixer M5. As shown in FIG. 2(C), this trans- 
mitter-receiver section TR is made as a monolithic mi- 
crowave integrated circuit (f^f^lC) and housed in a pack- 
age. An FM signal is input to or output from this package 
through the pin P2, a timing signal or connection control 
instruction is input from the processing section PS in FIG. 
3 through signal lines 81 , B2, and DC operational power 
is supplied through a power supply line VB. Incidentally, 
as for a circulator M4, which is relatively difficult to be 
made into a MMIC, a construction of hybrid microlnte- 
gration may be employed by omitting it from the objects 
of the MMIC and attaching It to the outside of other parts 
made into the MMIC. 

As the antenna sections A1 to A4 of each FM radar 
module have mutually different tilt angles, they radiate 
four beams B1 to 84 of different directions as shown in 
FIG.6. Thus, if one of the four beams B1 , B2, B3 and B4 
is radiated in sequence for a predetermined period from 
one of the four antenna portions A1 , A2, A3 and A4 by 
making one of the four PIN diodes D1, D2. D3 and D4 
conductive in the same sequence for a predetermined 
period, and if each wave reflected from an object is prop- 
agated along a reverse route to the power section P, then 
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beam scanning is carried out in the four different direc- 
tions with these planar array antennas. Each of the radar 
modules LM1 to LM4 is Installed on the four comers of 
a car as shown in FIG. 7, with the processing section PS 
installed at an appropriate position in the car. 

Referring to FIG. 3, an FM signal generator M1 in 
the FM radar modules LM1 to LM4 generates an FM sig- 
nal whose frequency changes for a predetermined peri- 
od In a sawtooth form in response to timing control sig- 
nals received from the timing control circuit P3 of the 
processing section PS. Part of the generated FM signal 
is supplied through the directional coupler M2, amplifier 
M3, and circulator M4 to the multibeam planar array an- 
tenna PA, propagates through one of PIN diodes D1 to 
D4 to be turned ON/OFF in response to a control signal 
received from the timing control circuit P3 in the process- 
ing section PS, and is radiated from the corresponding 
one of the antenna portions A1 to A4 to the outside of a 
car. An FM signal radiated from an antenna portion and 
reflected from an object Is received by the corresponding 
antenna portion and supplied through the delay line d 
constructed using a resin waveguide and through the cir- 
culator M4 to one input terminal of the mixer M5. 

To the other terminal of the mixer M5, part of the FM 
signal generated in the FM signal generator Ml is sup- 
plied through the coupler M2. Thus, the mixer MSoutputs 
a beat signal whose frequency increases in accordance 
with the distance to the object generating the reflected 
wave. The respective beat signal output from each of FM 
radar modules LM1 to LM4 is supplied to the selector P5 
in the processing section PS, The beat signals are se- 
lectively supplied to an A/D conversion circuit P6 in a 
time sharing method by the selector P5 In accordance 
with a radar module specifying signal supplied from the 
timing control circuit P3. A beat signal selected by the 
selector P5 Is converted by the AJD convertor P6 into a 
digital signal. The beat signal converted Into a digital sig- 
nal Is divided into frequency spectra in a fast Fourier 
transform circuit (FFT) P7. A signal processing circuit PI 
constructed using the CPU does not only detect infonma- 
tion relating to an obstacle by referring to the frequency 
of the beat signal and compute the position of the obsta- 
cle and the relative velocity, but also judges the danger 
of the obstacle and displays information on the existence 
of the obstacle, the distance to the obstacle, danger and 
the like on a display P4. Incidentally, the signal process- 
ing circuit P1 can also generate a signal for controlling 
the accelerator and brake of the car. 

Heretofore, a case of setting the tilt angles 
right-to-left was exemplified. However, setting the tilt an- 
gles front-to-back or setting the tilt angles right-to-left and 
front-to-back in combination Is also possible. 

Also, the case of each antenna portion comprising 
four patches was exemplified. However, according to 
need, for example, for sharpening the directional char- 
acteristic, each antenna portion can comprise a larger 
appropriate number of patches than four. 

Furthermore, beam scanning by radiating an elec- 
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tromagnetic wave trom only one of a plurality of antenna 
portions was described. However, the present invention 
is applicable to changing the synthetic directional char- 
acteristic by radiating electric waves from any two of the 
antenna portions. s 

Also, a structure of implementing a delay line for an 
FM signal by using a resin waveguide of small passing 
loss was exemplified. However, when an increase in 
passing loss is allowable, using a delay line of microstrip 
type or triplet type is also possible in place of a dielectric io 
line. 

Also, an FM radar module for radiating an FM signal 
was taken as an example for description of the present 
invention, but the present invention is applicable also to 
a pulse radar module for radiating a pulse signal. is 

As described in detail, a radar module according to 
the present invention presents a stereographic structure 
in which a planar array antenna commonly used for 
transmission and reception and a transmitter-receiver 
section are layered via an intermediate layer in which a 20 
delay line is formed, and thus has advantages in that the 
function of close distance detection can be implemented 
under a small-sized structure. 

Also, according to a preferred embodiment of the 
present invention, a planar array antenna commonly 25 
used for transmission and reception comprises a plural- 
ity of antenna portions that can be selectively connected 
through the above delay line to the transmitter-receiver 
section. Thus, a single transmitter-receiver section is 
used in common with a plurality of antenna portions, so 30 
that the production cost is greatly reduced with a great 
decrease in the number of parts and miniaturization can 
also be implemented. 



Claims 

1. A radar module comprising: 

a planar array antenna; and 40 
a transmitter-receiver section for supplying a 
signal to be radiated by said planar array 
antenna and receiving a receive signal from the 
planar array antenna; wherein 
a delay line is inserted between said planar 4S 
array antenna and said transmitter-receiver 
section, 

said delay line being disposed on the rear face 
of a substrate of said planar array antenna. 

so 

2. The radar module of Claim 1 , wherein said planar 
array antenna comprises: 

a plurality of antenna portions; and 
a selective connection section for selectively 55 
connecting each antenna portion through said 
delay line to said transmitter-receiver section. 



3. The radar module of Claim 2, wherein said plurality 
of antenna portions have different respective tilt 

angles. 

4. The radar module of any of Claims 1 to 3. wherein 
said transmitter-receiver section comprises: 

an FM signal generation circuit for generating 
FM signals to be radiated from said planar array 
antenna; and 

a mixer for mixing a receive signal from said pla- 
nar array antenna with part of the FM signal gen- 
erated in said FM signal generation circuit to 
generate a beat signal. 

5. The radar module of any of Claims 1 to 4, wherein 
said delay line comprises a waveguide in which a 
metal layer covers a dielectric o1 rectangular section. 

6. The radar module of Claim 5, wherein said 
waveguide is formed in a spiral. 

7. A radar module comprising: 

a planar array antenna for transmitting or receiv- 
ing a high-frequency signal; and 
a transmitter- receiver circuit for supplying a 
high-frequency signal to or receiving a high-fre- 
quency signal from said planar array antenna; 
wherein 

a delay line made 0I a dielectric of rectangular 
section covered over four peripheral sides with 
metal is inserted between said planar array 
antenna and said transmitter-receiver circuit. 

8. A radar module for transmitting and^ receiving a 
high-frequency signal to detect an object, compris- 
ing: 

a scan type planar antenna disposed on a die- 
lectric substrate for scanning a high-frequency 
signal; 

an MMIC (Monolithic Microwave IC) including a 
high-frequency signal generator and receiver 
for receiving a signal reflected from an object; 

and 

means tor supplying a high-frequency signal to 
the planar antenna from the rear face of said 
planar antenna with said MMIC disposed on the 
rear face of the planar antenna. 

9. The radar module of Claim 8, wherein said 
scan-type planar antenna is arranged in a plane and 
comprises a plurality of rectangular patches dis- 
posed on a dielectric base board, and switch means 
for selectively supplying a high-frequency signal to 
each of the patches. 
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10. The radar module of Claim 8 or 9, wherein said 
scan-type planar antenna is a time-sharing 
scan-type planar antenna 

11. Theradarmoduleofanyof Claims 8, 9 or 10. further s 
comprising a delay line for temporarily delaying a 
transmit or receive signal. 

12. A radar system for detecting the position of an object 

by transmitting a high-frequency signal to said object io 
and receiving a signal reflected from said object, 
comprising: 

a plurality of radar modules, each comprising an 
MMIC including a high-frequency signal gener- is 
ator and a mixer for generating a beat signal 
from a signal reflected from said object, and a 
scan-type planar antenna connected to said 
MMIC for radiating and scanning a high-fre- 
quency signal; 20 
a selector circuit for selecting an output signal 
from one of said radar modules; 
an A/D converter for converting the signal 
selected in said selector circuit into a digital sig- 
nal; and 2S 
a signal processing circuit for analyzing the fre- 
quency of a receive signal based on said digital 
signal to obtain information on said object. 

13. The radar system of Claim 12. wherein said signal 30 
processing circuit comprises a timing control circuit 

for controlling the scanning of said radar modules. 

1 4. The radar system of Claim 1 2 or 1 3. wherein the plu- 
rality of radar modules arc placed around a vehicle. 3s 

1 5. The radar system of Claim 1 2. 1 3 or 1 4, wherein said 
scan-type planar antenna Is supplied from the rear 
with a signal to be radiated. 

40 

1 6. The radar system of any of Claims 1 2 to 1 5. wherein 
said scan-type planar antenna performs time-shar- 
ing beam scanning. 

17. Theradarsystemofanyof Claims 12 to 16, wherein 4S 
each radar module has a delay line provided 
between the planar antenna and a transmit- 
ter-receiver circuit. 

18. The radar system of Claim 17 or 18. wherein said so 
delay line is a dielectric waveguide. 

19. The radar system of Claim 17 or 18. wherein said 
delay line is of spiral fornnation. 

ss 

20. The radar system of any of Claims 1 2 to 1 9, wherein 
the high-frequency signal to be transmitted to the 

object is an FM signal. — 
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